Introduction:
Nephrotic Syndrome (NS) is a common renal disease seen in children. Children who go into complete remission following treatment with corticosteroids are classified as having "steroid sensitive" NS. In developed countries over 80% of children with idiopathic NS have steroid sensitive disease 1 . The nephrotic syndrome is characterized by heavy proteinuria (> 40 mg/h/m 2 or protein/creatinine ratio > 200 mg/mmol); hypoalbuminemia (< 25 g/L); generalized edema 2 and hypercholesterolemia are almost always present 3 . It should be noted that this definition is distinct from a nephritic 'syndrome' (i.e. glomerulonephritis), which is defined by glomerular hematuria +/-hypertension. It is possible for a patient to be nephrotic, nephritic or nephrotic/nephritic depending on the underlying cause 2 .The incidence of all forms of nephrotic syndrome in childhood is 2-4 per 100000 population , whereas in the Indian subcontinent it is estimated at 9-10 per 100000 population 3 , but this figure will vary according to the ethnic mix of the population. For instance, the incidence amongst Asian children in two cities in the UK was reported to range from 9 to 16 per 100000, respectively 4 . Most children (90%) with nephrotic syndrome have a form of the idiopathic nephrotic syndrome. Causes of idiopathic nephrotic syndrome include minimal change disease (85%), mesangial proliferation (5%), and focal segmental glomerulosclerosis (10%). The remaining 10% of children have secondary nephrotic syndrome related to systemic or glomerular diseases such as membranous nephropathy or membranoproliferative glomerulonephritis 5 . The predominant pathology is minimal change disease (MCD), with contributions from other pathologies such as focal segmental glomerulosclerosis (FSGS) and mesangial proliferation. This applies only in Caucasian populations, as around the world the pathology varies. For instance, in Africa it has long been thought that 'tropical nephropathy' (malaria, HIV, hepatitis B etc.) predominates, though this has been challenged 6 with schistosomiasis being responsible for the majority of the cases in South America. Nephrotic syndrome could be subdivided into congenital, idiopathic (primary) or secondary 3 .
In general, secondary nephrotic syndrome should be suspected in patients with age > 8 yr, hypertension, hematuria, renal dysfunction, extrarenal symptomatology (rash, arthralgias, etc.), or depressed serum complement levels. In certain areas of the world, malaria and schistosomiasis are the leading causes of nephrotic syndrome. Henoch-Schönlein purpura nephritis, lupus nephritis, acute post-streptococcal nephritis, sickle-cell disease, and amyloidosis also may be the cause of nephrotic syndrome. Other infectious agents associated with nephrotic syndrome include hepatitis B virus, hepatitis C virus, filaria, leprosy, and HIV. Nephrotic syndrome has also developed during therapy with numerous drugs and chemicals. The histologic picture may resemble membranous glomerulopathy (penicillamine, captopril, gold, nonsteroidal anti-inflammatory drugs, mercury compounds), minimal change disease (probenecid, ethosuximide, methimazole, lithium), or proliferative glomerulonephritis (procainamide, chlorpropamide, phenytoin, trimethadione, paramethadione) [7] [8] [9] [10] [11] .
Idiopathic nephrotic syndrome
Minimal change disease accounts for most of the cases presenting in childhood. The other histological types of mesangial proliferative and FSGS may well represent the spectrum of a single disorder with varying histological features. The cause of minimal change nephrotic syndrome (MCNS) remains unknown. It is more prevalent in families with an atopic history, and some studies have suggested an abnormality of T cell function. Although broad-spectrum immunosuppressive drugs have been used to control the disease, there is lack of evidence for classical mechanisms of immunological injury. In minimal change disease, the glomeruli appear normal or show a minimal increase in mesangial cells and matrix. The immunofluorescence studies are negative, and electron microscopy reveals gross podocyte foot process fusion, which is a nonspecific finding in any patient with heavy proteinuria 2 .
Clinical presentations
Minimal change nephrotic syndrome is more common in boys than girls (2:1) and usually occurs between the ages of 2 and 6 years 3 . There may be an antecedent history of an upper respiratory tract infection and, certainly, these are well known to precipitate relapses in this condition. The presenting feature is usually edema, which is first noticed around the eyes. The edema may become generalized, with swollen limbs, ascites and pleural effusions with diminishing urine output. There may be lethargy, poor appetite, mild diarrhea and, sometimes, abdominal pain 2 .Hematuria (mostly microscopic), hypertension and raised blood urea levels are occasionally observed 3 .
Dignosis
The diagnosis is suggested by simple urinalysis, which will show heavy proteinuria (3-4 +) by heat test or dipstick test. Measurement of 24 hour urinary protein is not essential. Careful and repeated microscopic urine examination should be done for red cell, persistent microscopic hematuria suggest the likelihood of significant histologic lesion 3 . About 30% of patients will have transient microscopic hematuria, but gross hematuria is rare. Heavy proteinuria can be confirmed by early morning urine protein/creatinine ratio (> 200 mg/mmol). Renal function is usually normal, but there will be a low serum albumin (< 25 g/L), with raised serum cholesterol (>250 mg/dl) and triglyceride levels. Swabs should be taken from the throat and any skin lesions, as well as a urine culture. An X-ray of chest and Mantoux test should be done. Overt or covert infection can be the cause of steroid resistance. Serological tests such as complement (C3) studies, an ASO titer, hepatitis B surface antigen and antinuclear factor antibodies need only be measured in patients when there is a mixed nephritic/nephrotic picture. Children between the ages of 1 and 10 years are very likely to have steroidresponsive minimal change disease and so prednisolone therapy is usually initiated without a renal biopsy.
A biopsy may be considered in children with nephrotic syndrome if 2 :
1. onset of NS occurs between 6 and 12 months of age, 2. onset over 12 years of age (other pathology may be more likely), 3 . persistent hypertension, microscopic hematuria, or low plasma C3, 4. renal failure -persistent and not attributable to hypovolemia; Secondary nephrotic syndrome and steroid resistance cases require renal biopsy 3 .
Complications
The major complication is infection. Spontaneous bacterial peritonitis is the most frequent type of infection. Although Streptococcus pneumoniae is the most common organism casuing peritonitis , gram-negative bacteria such as Escherichia Coli may also be encountered. Other infections such as sepsis, pneumonia, cellulitis and urinary tract infections may also be seen 12 . A high prevalence of tuberculosis has been reported in chidren with nephrotic syndrome ,especially those receiving immunosuppressive drugs for prolong period 3 .The reasons for the susceptibility may be multifactorial and include decreased immunoglobulin levels, ascitic fluid acting as culture medium and immunosuppressive therapy. While on corticosteroids the clinical findings may be masked, and so any child with nephrotic syndrome and abdominal pain should be carefully evaluated. Nephrotic children also have a tendency to arterial and venous thrombosis. The nephrotic syndrome is a hypercoagulable state with high levels of fibrinogen, factor VIII:R:AG and alpha-2-macroglobulin with a decrease of both functional and immunological antithrombin III 13 .
Treatment:
Hospitalization should only be required for the initial attack, when the diagnosis can be established, treatment initiated and the response evaluated. It will also give an opportunity to educate the patient and the family in what may be a frustrating chronic illness. Good education and efficient communication should enable further problems to be assessed and treated on an outpatient basis. Bed rest does not need to be enforced, as the child will determine their appropriate activity level. The traditional high-protein, no-salt-intake diet should be abandoned in favor of trying to maintain the recommended daily allowances of calories and protein in a child whose appetite is likely to be markedly diminished until on steroids 14 .
Edema
When edema is present, no-added-salt diet is advised, with avoidance of foods known to be high in sodium, particularly snack or processed foods . In severe edema, in addition to sodium restriction, fluid restriction may be necessary 15 . The water intake may be limited to replacement of insensible losses plus urine output minus a planned weight loss 3 16 . 'Resistant oedema' was considered based on failure to achieve therapeutic response to diuretics or a weight loss of <1% body weight daily. In a study 17 reported that response to mannitol-furosemide (intravenous mannitol 0.5-1 gm/kg/day in single daily dose over 1-2 hrs followed by intravenous furosemide 1 mg/kg/day for 5 days) combination is as effective as albumin with furosemide in the treatment of diuretic resistant oedema in children with nephrotic syndrome. However, new combination is less costly and may be more useful in developing country like Bangladesh.
Corticosteroid therapy 95% will respond to steroid therapy within the first 4 weeks. The increase in the initial steroid dose acknowledges the evidence that the relapse rate is reduced with increased duration of initial therapy 19 . Now the intial episode is treated with prednisolone 60 mg/m 2 /day in 2-3 divided doses for 6 weeks followed by 40 mg/m 2 on alternate days as a single morning dose for 6 more weeks, after which it is discontinued 3, 15 . Children in their first episode should be treated for at least three months therapy recommended by Hodson et al 20 . Cessation of prednisone after 12 weeks without a taper has no disadvantage and may limit the negative effects of prolonged courses of prednisone. A 24-month sustained remission rate of 49% and frequent-relapse rate of 29% is expected with this regimen 15 . Nephrologists remain concerned about the possibility of steroid side-effects, with this large initial dosage, and their effect on the hypothalamic pituitary axis. Surprisingly, there is usually little gastric upset from the use of soluble prednisolone in children, and the more expensive enteric coated forms or drugs to control gastric acidity are not routinely prescribed 21 . Children who have problems with vomiting or diarrhea should receive i.v. methylprednisolone in an equivalent dose to the oral prednisolone dosage and additional care should be taken to monitor blood pressure. It is important to exclude occult infection such as urinary tract infection as a cause of steroid resistance. The parents should be told daily steroids may well alter the child's behavior as well as increasing the appetite. General dietary advice about avoiding excess consumption of snacks, etc. should be given. A steroid warning card should be issued, and the parents should report if the child is exposed to infections such as measles or chickenpox, while on daily steroids. Immunization using live vaccines should be avoided until the child has been off daily steroids for at least 3 months, but are permissible if the child is on alternateday steroids (< 0.5 mg/kg body weight/d).
Relapse
When there is a relapse of proteinuria (3 consecutive days of heavy proteinuria [+++ or greater]), treatment may be withheld for up to 5 d (or possibly 10 if variable proteinuria) unless the child becomes edematous. This is because some children will spontaneously remit during this period. If proteinuria persists, then remission is induced with daily steroids as before until the urine is protein free for 3 d, and then alternate-day corticosteroids are continued for 28 d. More than 75% of children with minimal change nephrotic syndrome will have at least one relapse.
Frequent relapses or steroid dependency
If the child has two or more relapses within 6 months of initial treatment, or four or more relapses within any 12-month period (frequent relapser), then a slow weaning dose of alternate-day prednisolone may be considered, after inducing remission with daily steroids as mentioned earlier. The prednisolone may be weaned off over 6 months, and by this means steroid toxicity may be minimized.
Steroid dependency may be defined as those who relapse on two consecutive occasions as prednisolone is being decreased, or within 2 weeks of it being discontinued. If a child requires more than 0.5 mg/kg of prednisolone on alternate days to remain protein free, and particularly if there are signs of steroid toxicity, then alternative therapy should be considered. Such steroid side-effects would include stunting of growth, cataracts, obesity and behavioral changes, but alternative therapy to corticosteroids and/or the advice of a pediatric nephrologist or pediatrician will, preferably, have been sought before many of these side-effects are manifest. Alternative therapy consists of levamisole, cyclophosphamide, chlorambucil and cyclosporine which all reduce the risk of relapse in children with relapsing steroid-sensitive nephritis compared with prednisolone alone 22 . Steroids sparing agents used include levamisole, cyclophosphamide, mycophenolate mofetil (MMF), calcineurin inhibitors (cyclosporine and tacrolimus), rituximab and vincristine.Time to first remission is a strong predictor of the need for these agents 23 . The steroid-sparing effects of these agents have greatly reduced the adverse effects seen with longterm use of steroids. Despite the wide arsenal of agents available, therapy needs to be individualised to achieve optimal care of each child 1 .
Levamisole
It is an immunomodulatory agent, has been successfully employed in patients with frequent relapse (FR) and steroid dependent (SD) nephrotic syndrome. A dose of 2-2.5 mg/kg given on alternate days for 1-2 years or longer is effective in 50-60 percent cases. Initially predisolone 0.75 to 1 mg/kg is given along with levamisole. In 20-30 percent cases predinisolone can be graudually stopped and levamisole alone is sufficient. Side effects of levamisole are infrequent and mild gastrointestinal upset may occur 3 .
Cyclophosphamide
Steroid-dependent patients, frequent relapsers, and steroid-resistant patients may be candidates for alternative agents, particularly if the child suffers severe corticosteroid toxicity (cushingoid appearance, hypertension, cataracts, and/or growth failure). Cyclophosphamide has been shown to prolong the duration of remission and to reduce the number of relapses in children with frequently relapsing and steroid-dependent nephrotic syndrome. The potential side effects of the drug (neutropenia, disseminated varicella, hemorrhagic cystitis, alopecia, sterility, and increased risk of future malignancy) should be carefully reviewed with the family before initiating treatment. The dose of cyclophosphamide is 2-3 mg/kg/24 hr given as a single dose, is given after remission has been induced with daily steroids, for a total duration of 8-12 wk . Alternate-day prednisone therapy is continued during the course of cyclophosphamide administration 3 . An additional option for the child with complicated nephrotic syndrome is high-dose pulse methylprednisolone. Methylprednisolone is usually given as a 30-mg/kg bolus (maximum 1,000 mg), with the first 6 doses given every other day, followed by a tapering regimen for periods up to 18 mo. Cyclophosphamide may be added to this regimen in selected patients 1 . It was once customary to perform a renal biopsy on all nephrotic children prior to cyclophosphamide therapy. However, this is probably no longer justifiable if the patient is still steroid responsive.
Cyclosporine: Prolonged administration of cyclosporine (3-6 mg/kg/24 hr) has also been effective in maintaining a prolonged remission in children with nephrotic syndrome and is useful as a steroid-sparing agent. Children must be monitored for side effects, including hypertension, nephrotoxicity, hirsutism, and gingival hyperplasia 1 .
Mycophenolate Mofetil (MMF)This is now being increasing used as an alternate to cyclophosphamide, particular when there are concerns about longterm gonadal toxicity. The major limitation to its use in the developing world is its high cost. The dose is 600-1000 mg/m 2 /day or 20-25 mg/kg/day in two divided doses for 12-36 months. Prednisone is maintained at a dose of 1-1.5 mg/kg given on alternate days during treatment and then tapered over 4-6 weeks. Leukopenia is a common side effect and leucocyte counts should be monitored every 1-2 months and treatment stopped if it drops below 4000/mm3 1 .
Cyclosporine and tacrolimus
This treatment is usually reserved for children who fail treatment with the agents above. Cyclosporine A is given in a dose of 4-5 mg/kg/day for 12-24 months while tacrolimus dose 0.1-0.2 mg/kg/day. Prednisone is continued using a dose of 1mg/kg on alternate days and tapered over 6-9 months once remission is achieved. Both agents have the potential for acute and chronic nephrotoxicity ,so renal function should be monitored closely 1 .
Rituximab
Its use is reserved for patients with marked steroid dependency who fails to respond to other drugs or in patients with toxicity secondary to other drugs. A significant proportion of patients relapse after rituximab treatment. Most relapses occur simultaneously with the recovery of B-cell lymphocyte counts 24 . Maintenance therapy using mycophenolate mofetil is effective in preventing relapses after treatment with rituximab in many cases 25 .Side effects include infusion related reactions (hypotension, fever and rigors), serious infections, and progressive multifocal leukoencephalopathy 26 .
Vincristine
There has been one report in 2005 of patients treated with vincristine for steroid dependent NS who were relapsing despite cytotoxic or calcineurin treatment 27 . Vincristine was used in a dose of 1-1.5 mg/m 2 that was given weekly for 4 weeks intravenously, followed by monthly courses for 6 months. Adverse effects were minimal. The median sustained remission was 5 months. Another study in 2006 that also showed positive results with the use of vincristine 28 . Future controlled studies are needed to carefully evaluate the role of this drug in NS 1 .
Choice of steroid sparing agents in practice:
Given the more favourable toxicity profile of mycophenolate mofetil compared to other agents; many centres are using this agent as first choice for a steroidsparing agent. In countries where levimasole is available, this is also being increasingly used. Some experts however have suggested the use of cyclophosphamide in patients with frequently relapsing, but not steroid dependent NS, the long-term remission rate is much lower and doses used do not warrant the significant potential toxicity 23 . Cyclosporine, although effective in maintaining remission requires prolonged treatment which increases the risks of nephrotoxicity. Hence its use is mainly restricted to patients that fail to maintain remission after a course of mycophenolate mofetil(MMF) or cyclophosphamide without a significant steroid dose. In a study found that treatment with cyclosporine A and combination of cyclosporin A plus MMF was useful for steroid dependent and for remission induction in steroid resistant cases 29 .
Vitamin D and Calcium Prophylaxis
Corticosteroids are known to increase the risk for fractures however; no studies have demonstrated that corticosteroid treatment of steroid senstitive NS increases fracture risk .In a randomized controlled trial comparing vitamin D and calcium prophylaxis with no prophylaxis, bone mineral density was significantly lower in treated than non-treated patients 30 .Hypercalciuria occurred in both groups. Adequate dietary calcium intake is necessary; most such patients also benefit from vitamins D3 supplements 3 . Recently a systematic review based on randomized controlled trials and observational studies concerning children d"18 years with renal diseases requiring steroids is recommended calcium combined with vitamin D to prevent bone disease 31 .
Psychosocial support
It is helpful to provide the family of a child with nephrotic syndrome with an information booklet about the condition, as a great deal of anxiety can result with the clinical course of relapse and remission. In addition, the parents have benefited from attending a local parents' group, where they can discuss and share many of their anxieties 32 . If a nephrotic child has been free of relapses for 5 years, then there is a strong chance of a long-term remission. However, some children may continue to relapse into adult life, and those who develop nephrosis earlier in life are likely to relapse more often 33 .
